SEMICONDUCTOR DEVICE 



BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a semiconductor 
device having an insulated gate bipolar transistor and a 
control transistor which are formed on the same 
semiconductor substrate and, more particularly, to a 
protecting circuit for preventing latch up caused by a 
parasitic element generated when an insulated gate bipolar 
transistor and a control circuit, are formed on the same 
semiconductor substrate by using a junction isolation 
technology. 

Related Art 

In a general semiconductor device, when a circuit 
element or a circuit region for a control circuit is formed 
on a semiconductor substrate on which an insulated gate 
bipolar transistor (to be referred to as an "IGBT" 
hereinafter) is formed, a parasitic element is formed. In 
particular, it is, known that, when the circuit element is 
formed on the IGBT by using a junction isolation technology, 
a parasitic thyristor is formed on the substrate and the 
circuit region of the IGBT. There is a problem that when 
the parasitic thyristor is turned on (latched up), the 
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semiconductor device itself can be broken down. 

A countermeasure must be made by providing a 
protecting element to prevent the parasitic thyristor from 
being latched up. For example, a method of forming a 
5 protecting circuit for protecting latch up by a circuit by 
combining a resistor and a diode is known (see Reference 1) . 
In a semiconductor device which has been developed before 
by the applicant of the present application, a means for 
pj^^eventing a thyristor from being latched up is constituted 

10 by a Schottky barrier diode (see Reference 2) . 

[Reference 1] "A Self-isolated intelligent IGBT for 
driving ignitioncoils" , International symposium on Power 
Semiconductor Drives- & Ics, 1998. 

[Reference 2] Japanese Patent Laid-open Publication 

15 No. 2002-16254. 

A means for preventing a parasitic thyristor from 
being latched up by using a Schottky barrier diode 
described in Reference 2 can efficiently achieve an object 
by using a protecting element which is smaller than that 

20 used in a means using a circuit obtained by combining a 
resistor and a diode. However, in contrast to this, since 
a Schottky barrier diode is inserted in series with a path 
extending an input terminal to an actual control circuit, a 
loss corresponding to a forward voltage drop of the diode 

25 is generated in a signal transmitted to the control circuit. 



3 



In particular, generation of a loss in a signal which can 
■ be transmitted to the IGBT when a voltage to be input is 
low makes it impossible to supply a sufficient voltage to 
the gate of the IGBT.- As a result, a sufficient collector 
5 current cannot be obtained. 

SUMMARY OF THE INVENTION 

. It is an object of the present invention to 
reduce a transmission loss of a voltage signal in such a 

10 protecting circuit and realize a reduction in transmission 
loss by providing a switching circuit including transistors 
to a protecting circuit without degrading the performance 
of the protecting circuit. 

A semiconductor device according to the present 

15 invention is a device on which an insulated gate bipolar 
transistor and a control circuit for driving the insulated 
gate bipolar transistor are formed on a same semiconductor 
substrate. The device includes an input terminal via which 
a drive signal of the insulated gate bipolar transistor is 

20 input, a Schottky barrier diode having an anode connected 
to the input terminal and a cathode connected to an input 
terminal of the control circuit, and a p-channel MOSFET 
that shorts both ends . of the Schottky barrier diode when 
the voltage of the drive signal input to the input terminal 

25 is higher than a predetermined voltage. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram of a semiconductor device 
according to the first en±)odiment of the present invention. 
5 FIG. 2 is a diagram showing a parasitic 

transistor formed on a p-channel MOSFET in a bypass circuit. 

FIG- 3 is a diagram of a semiconductor device 
according to the second embodiment of the present invention. 

FIG. 4 is a diagram of a semiconductor device 
10 according to the third embodiment of the present invention. 

FIG- 5 is a diagram of a semiconductor device 
according to the fourth embodiment of the present invention. 

FIG. • 6 is a diagram of a semiconductor device 
according to the fifth embodiment of the present invention. 

15 

DESCRIPTION OF PREFERRED EMBODIMENTS 

Preferred embodiments of the semiconductor device 
according to the present invention will be described below 
with reference to the accompanying drawings. 

20 

First Embodiment 

FIG. 1 shows a circuit configuration of a 
semiconductor device according to the first embodiment of 
the present invention. 
2 5 As shown in FIG. 1/ a semiconductor device 10a 
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. according to this embodiment has an IGBT (Zl) and a control 
circuit Bl for driving the IGBT (Zl). The IGBT (Zl) and 
the control circuit Bl are formed on the same semiconductor 
substrate/ and the control circuit Bl has a plurality of 
5 semiconductor elements. In order to prevent the parasitic 
thyristor generated with formation of the semiconductor 
element composing .the control circuit Bl from being latched 
up, the semiconductor device 10a has a protecting circuit 
including a Zener diode Dl and Schottky barrier diodes D2 

10 and D3. In addition, the semiconductor device 10a has a 
bypass circuit 11 including a resistor Rl, a p-channel 
MOSFET (Tl), and Schottky barrier diodes D4 and D5. The 
semiconductor device 10a has an input terminal PI, an 
emitter terminal P2, and. a collector terminal P3- The 

15 input terminal PI is applied with an external input signal 
' for driving the IGBT (Zl) . The emitter terminal P2 is 
connected to the reference potential. 

The control circuit Bl has an input terminal Bll, 
a control output terminal B12 connected to the gate of the 

20 IGBT (Zl), an output terminal B13, and a GND terminal B14 
connected to a ground line 13 for giving a reference 
potential. The control circuit Bl outputs a signal ,for 
driving an IGBT (Zl) depending on a signal input to the 
input terminal Bll through the input terminal PI, from the 

25 control output terminal B12. I addition, the control 
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circuit Bl has a function of detecting a voltage input to 
the input terminal Bll (i.e., a voltage of the input 
terminal PI) and sinking a current through the output 
terminal B13 when a predetermined voltage Vr or more is 
5 applied to the input terminal Bll. For this reason, the 
control circuit Bl has a circuit for detecting whether the 
predetermined voltage Vr or more is applied to the input 
terminal Bll or not. 

The source of the p-channel MOSFET (Tl) is 

10 connected to the input terminal PI of the semiconductor 
device 10a, the drain is connected to the input terminal 
Bll of the control circuit Bl, and the gate is connected to 
the output terminal B13 of the control circuit Bl. One end 
of the resistor Rl is connected to the input terminal PI, 

15 and the other end is connected to the gate of the p-channel 
MOSFET (Tl) . The resistor Rl operates such that a gate- 
source voltage of the p-channel MOSFET (Tl) is adjusted to 
zero in a state in which a current is not sunk from the 
output terminal B13 of the control circuit Bl. 

20 In the bypass circuit 11, the cathode of the 

Schottky barrier diode D4 and the cathode of the Schottky 
barrier diode D5 are connected to the backgate of the p- 
channel MOSFET (Tl) . The anode of the Schottky barrier 
diode D4 is connected to the input terminal PI, and the 

25 anode of the Schottky barrier diode D5 is connected to the 
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ground line 13. With this configuration, the parasitic 
element of the backgate of the p-channel MOSFET (Tl) of the 
bypass circuit 11 is prevented from being erroneously 
operated (the details thereof will be described hereafter) . 
5 An operation of the semiconductor device 10a will 

be described below. 

When a small voltage is supplied to the input 
terminal PI of the semiconductor device 10a, a voltage 
which is lower than a voltage applied to the input terminal 
10 PI by a voltage drop of the Schottky barrier diode D2 is 
supplied to the terminal Bll of the control circuit Bl . At 
this time, a voltage across the resistor Rl is lower than 
the threshold voltage of the p-channel MOSFET (Tl) , and 
thus the p-channel MOSFET (Tl) is in an OFF state. 
15 As a voltage applied to the input terminal PI 

increases, a voltage applied to the input terminal Bll 
increases. When an input voltage to the input terminal Bll 
is equal to or more than the predetermined voltage Vr 
specified by the control circuit Bl, a current is sunk from 
20 the output terminal B13. When the current is sunk,, voltage 
drop occurs at both the ends of the resistor Rl in the 
bypass circuit 11. When the voltage across the resistor Rl 
exceeds the threshold voltage Vth of the p-channel MOSFET 
(Tl), the p-channel MOSFET (Tl) is turned on to short both 
25 ends of the Schottky barrier diode D2 between the input 
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terminal PI and the input terminal Bll. 

In this manner, since a voltage drop between the 
input terminal PI and the input terminal Bll of the control 
circuit Bl is decreased by short-cutting both ends of the 
5 Schottky barrier diode D2 by the- bypath circuit 11, a 
higher voltage is applied to the input terminal Bll of the 
control circuit Bl 1 A circuit for detecting the voltage 
input to the input terminal Bll arranged in the control 
circuit Bl is a waveform shaping circuit which prevents a 

10 signal from being transmitted to the IGBT (Zl) when a 
voltage to the input terminal Bll is low. For this reason, 
when the input voltage is equal to or less than the 
predetermined voltage Vr in the above operation, the input 
signal is not easily transmitted. On the other hand, when 

15 the input voltage is equal to or more than the 
predetermined voltage Vr/ a transmission loss of the input 
signal in a protecting circuit (mainly, the Schottky 
barrier diode D2) is reduced. 

When an input voltage at a high level is changed 

20 into a voltage at a low level, the circuit operates vice 
versa. More specifically, under the state that voltage 
"signal is transmitted from the input terminal PI to the 
input terminal Bll with a small loss, when the input 
voltage is equal to or less than the predetermined voltage 

25 Vr, the p-channel MOSFET *{T1) is turned off, and a 
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transmission loss of the voltage signal transmitted from 
the input terminal PI to the input terminal Bll increases. 
With this operation, a semiconductor device 10a has 
hysteresis characteristics in response to an input signal. 
5 A forward voltage drop caused by the Schottky 

barrier diode D2 is represented by Vf (D2) [V], an ON 
resistance obtained when the p-channel MOSFET (Tl) is in an 
ON state is represented by Ron(tl) [ Q ], and a current 
flowing into the input terminal Bll of the control circuit 

10 Bl is represented by Ibi [A] . At this time, a hysteresis 
voltage (difference between a voltage at which the p- 
channel MOSFET (Tl) is turned on from off and a voltage at 
which the p-channel MOSFET (Tl) is turned off from on) Vhys 
[V] can be expressed by the following equation: 

15 Vhys = Vf(D2) - Ron(tl) X Ibi. 

The hysteresis characteristics as mentioned above 
provides an advantage which can prevent an erroneous 
operation caused by small noise in a state in which a 
voltage signal when the MOSFET is turned on/off. 

20 FIG. 2 is a diagram showing a parasitic 

transistor being parasitic on the p-channel MOSFET (Tl) 
formed on the semiconductor substrate on which the IGBT 
(ZD is formed. As shown in FIG. 2, an n"" layer U3, an n" 
layer U4, and a p-well U5 are sequentially formed on a p- 

25 type semiconductor substrate U2 in this order. A metal 
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layer Ul is formed on the rear surface of the p-type 
semiconductor substrate U2 . 

A transistor TlOl is a parasitic pnp transistor 
formed in regions for the source S or the drain D and the 
5 backgate BG of the p-channel MOSFET (Tl), and the p-well U5. 
A transistor T102 is an npn transistor formed in the 
backgate BG, the p-well U5, and the n" layer U4 of the IGBT 
(Zl) of the p-channel MOSFET. Connection is performed such 
that the base and the collector of the transistor TlOl 

10 serve as the collector and the base of the transistor T102, 
respectively, and the transistor TlOl and the transistor 
T102 compose a parasitic thyristor. The parasitic 

thyristor is latched up when the potential of the p-well U5 
is higher than that of the n" layer U4, in a state where a 

15 current flows from the source S or the drain D to the 
backgate BG of the p-channel MOSFET (Tl). The IGBT (Zl) is 
turned on, and the potential of the n' layer U4 of the IGBT 
(Zl) in a region having a small collector current 
approximately becomes zero volt. When the IGBT (Zl) is 

20 turned on, the thyristor is latched up. 

Similarly, a transistor T103 is a parasitic npn 
transistor formed in the backgate BG, the p-well U5, and 
the n*" layer U4 of the p-channel MOSFET (Tl) . A transistor 
T104 is a parasitic pnp transistor formed in the substrate 

25 U2, the n-layers U3, U4, and the p-well U5 of the IGBT 
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substrate. Connection is performed such that the base and 
the collector of the transistor T103 serve as the collector 
and the base of the transistor T104, respectively. A 
- parasitic thyristor occurs in the vertical direction of the 
5 substrate. This parasitic thyristor is latched up when the 
backgate layer and p-well layer of the p-channel • MOSFET 
(tl) are biased in the forward direction. 

As shown in FIG. 2, the Schottky barrier diode D4 
is connected in parallel between the base and emitter of 

10 the transistor TlOl, and the Schottky barrier diode D5 is 
connected in parallel between the base and emitter of the 
transistor T103. Hence, currents flowing in the parasitic 
transistors TlOl and T103 generated by forming the p- 
channel MOSFET (Tl) are bypassed by the Schottky barrier 

15 diodes D4 and D5. Therefore, a thyristor operation 
performed by these parasitic transistors can be effectively 
prevented. 

Second Embodiment 
20 FIG. 3 shows the configuration of a semiconductor 

device according to the second embodiment of the present 
invention. 

In a semiconductor device 10b according to this 
embodiment, a resistor R2 is serially inserted between the 
25 cathode of the Schottky barrier diode D2 and the input 
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terminal Bll of the control circuit Bl in the configuration 
of the first embodiment. The resistor R2 operates to 
increase a voltage drop from the voltage of the input 
terminal PI to the voltage of the input terminal Bll of the 
5 control circuit Bl when the p-channel MOSFET (Tl) is in an 
OFF state. 

A forward voltage drop caused by the Schottky 
barrier diode D2 is represented by Vf(D2) [VJ, an ON 
resistance obtained when the p-channel MOSFET (Tl) is in an 

10 ON state is represented by Ron(tl) [ Q ] , the resistance of 
the resistor R2 is represented by R2 [ ^ ] f and a current 
flowing into the input terminal Bll of the control circuit 
Bl at this time is represented by Ibi [A] . At this time, a 
hysteresis voltage Vhys [V] can be expressed by the 

15 following equation: 

Vhys = (Vf(D2) + R2 X Ibi) " Ron(tl) x Ibi- 
As expressed by the above equation, the 
hysteresis voltage can be made larger than that in the 
first embodiment by the voltage drop of the resistor R2, 

2 0 and thus more improvement of tolerance of an erroneous 
operation for noise or the like can be expected. 



Third Embodiment 

FIG. 4 shows the configuration of a semiconductor 
25 device according to the third embodiment of the present 
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invention. 

A semiconductor device 10c according to this 
embodiment has a p-channel MOSFET ^ (T2) in place of the 
resistor R2 in the configuration of the second embodiment. 
5 More specifically, the p-channel MOSFET (T2) is connected 
between the cathode of the Schottky barrier diode D2 and 
the input terminal Bll of the control circuit Bl . The 
source and backgate of the p-channel MOSFET (T2) are 
connected to the cathode of the Schottky barrier diode D2, 

10 the drain of the Schottky barrier diode D2 is connected to 
the input terminal Bll of the control circuit Bl, and the 
gate of the p-channel MOSFET (T2) is connected to the 
ground line 13. 

Since the gate of the p-channel MOSFET (T2) is 

15 connected to the ground line 13, the p-channel MOSFET (T2) 
is turned on when a voltage which is equal to or more than 
the threshold voltage Vth of the p-channel MOSFET {T2) is 
applied to the input terminal PI. A voltage drop between 
the drain and source of the p-^channel MOSFET (T2) is 

20 determined based on a voltage at the input terminal PI and 
a current flowing in the input terminal Bll of the control 
circuit Bl . . 

A forward voltage drop' caused by the Schottky 
barrier diode D2 is represented by Vf(D2) [V], an ON 

25 resistance obtained when the p-channel MOSFET (Tl) is in an 



ON State is represented by Ron{tl) [Q]/ an ON resistance 
obtained when the p-channel MOSFET (T2) is in an ON state 
is represented by Ron(t2) [Q], and a current flowing into 
the input terminal Bll of the control circuit Bl at this 
time is represented by Ibi [A]. At this time, a. hysteresis 
voltage Vhys [V] can be expressed by the following equation: 

Vhys = (Vf{D2) + Ron{t2) X Ibi) " Ron(tl) x Ibi. 

As expressed by the above equation, the 
hysteresis voltage is the total value of . the forward 
voltage drop of the Schottky barrier diode D2 and the 
voltage drops caused by the ON resistors of the MOSFETs (Tl, 
T2) . The channel resistances of the MOSFETs have a 
positive temperature dependency. The circuit operates such 
that a negative temperature dependency of the forward 
voltage drop of the Schottky barrier diode D2 is cancelled 
by the positive temperature dependency of ON resistance of 
the MOSFET (T2) . The temperature dependency of the 
hysteresis voltage can be reduced. 

Fourth Embodiment 

FIG. 5 shows the configuration of a semiconductor 
device according to the fourth embodiment of the present 
invention. 

A semiconductor device lOd according to this 
embodiment includes a series circuit of an n-channel MOSFET 
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(T3) and a resistor R3 in addition to the configuration of 
the first embodiment. 

The gate of the n-channel MOSFET (T3) is 
connected to the gate of the p-channel MOSFET (Tl), the 
5 source and backgate of the n-channel MOSFET (T3) are 
. connected to the ground line 13, and the drain of the n~ 
channel MOSFET (T3) is connected to one end of the resistor 
R3. The other end of the resistor R3 is connected to the 
gate of the IGBT (Zl) . " 

10 The same signal as the signal applied to the gate 

of the p-channel MOSFET (Tl) is applied to the gate of the 
n-channel MOSFET (T3) . However, when a voltage which is 
equal to or lower than the predetermined voltage Vr set by 
the control circuit Bl is input, a voltage which is almost 

15 equal to the voltage of the input terminal PI is applied to 
the gate of the n-channel MOSFET (T3) . When this voltage 
is equal to or more than the threshold voltage Vth of the 
n-channel MOSFET (T3) , the n-channel MOSFET (T3) is turned 
on. When the n-channel MOSFET (T3) is in an ON state, the 

20 ' gate of the IGBT (Zl) is grounded through the resistor R3 
connected to the drain of the n-channel MOSFET (T3) . ' When 
the input voltage becomes equal to or more than the 
predetermined voltage to turn on the p-channel MOSFET (Tl) , 
the n-channel MOSFET {T3) is turned off accordingly. Hence, 

25 under a situation in which a voltage must be applied to the 
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gate of the IGBT (Zl) with a low loss, affection by 
connecting the n-channel MOSFET (T3) can be reduced. 

The circuit configuration of this embodiment is 
valid when the IGBT (Zl) shifts from the ON state to the 
5 OFF state. In a transient state immediately after the 
input signal is cut off when charges are accumulated in the 
gate capacity of the IGBT, the n-channel MOSFET (T3) is 
turned on to actively discharge the gate charges, so that 
•the shut-off velocity of the IGBT (Zl) increases. By using 
10 this means, the shut-off velocity can be increased without 
increasing a current consumption in the input terminal PI 
in a normal operation, and the response can be improved. 

Fifth Embodiment 

15 FIG. 6 shows the configuration of a semiconductor 

device according to the fifth embodiment of the present 
invention - 

In a semiconductor device l.Oe according to this 
embodiment, an inverter circuit 15 having a p-channel 
20 MOSFET (T4) and a n-channel MOSFET. (T5) is arranged in 
place of the resistor Rl in the configuration of the first 
embodiment, and a control circuit B2 is arranged in place 
of the control circuit Bl in the configuration of the first 
embodiment . 

25 The output terminal of the inverter circuit 15 is 



connected to the gate of the p-channel MOSFET (Tl) . The 
source of the p-channel MOSFET {T4) is connected to the 
input terminal PI, the drain of the p-channel MOSFET (T4) 
is connected to the gate of the p-channel MOSFET (Tl), and 
the backgate of the p-channel MOSFET {T4} is connected to 
the backgate of the p-channel MOSFET (Tl). The source and 
backgate of the n-channel MOSFET (T5) are connected to the 
ground line 13, and the drain of the n-channel MOSFET (T5) 
is connected to the gate of the p-channel MOSFET (Tl) . The 
gate of the p-channel MOSFET (T4) and the gate of the n- 
channel MOSFET (T5) are connected to each other and 
connected to an output terminal B2 3 of the control circuit 
B2 . 

In FIG. 6, The backgates of the p-channel MOSFET 
.(T4) and the p-channel MOSFET (Tl) are connected. However, 
the same circuit as that including the Schottky barrier 
diodes D4 and D5 may be provided for only the p-channel 
MOSFET (T4) so that both backgates are not connected, the 
same effect as described above can be achieved . 

The control circuit B2 has an input terminal B21, 
a control output terminal B22 connected to the gate of IGBT 
(ZD, an output terminal B23, and a GND terminal B24 
connected to the ground line 13 for giving a reference 
potential. The control circuit B2 causes the control 
output terminal B22 to output a signal for driving an IGBT 
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(ZD depending on a signal input to the input terminal B21 
through the input terminal PI. I addition, the control 
circuit B2 detects a voltage input to the input terminal 
B21, outputs a voltage which is high enough to turn on the 
5 n-channel MOSFET (T5) through the output terminal B23, when 
the predetermined voltage Vr or more is applied to the 
input terminal B21. Otherwise, the control circuit B2 
outputs a voltage .which is low enough to turn on the p- 
channel MOSFET (T4) . Any signal which is output from a 

10 circuit except for the control circuit B2 may be input to 
the input terminal of the inverter circuit 15, as long as 
the signal is a comparison result signal obtained by 
comparing a detected voltage input to the input terminal 
B21 (or the input terminal PI) of the control circuit B2 

15 with the predetermined voltage Vr. 

According to the circuit shown in FIG. 6, the p- 
channel MOSFET (T4) truns off when the n-channel MOSFET 
(T5) is in an ON state, the p-channel MOSFET (T4) turns on 
when the n-channel MOSFET (T5) is in an OFF state. Hence 

20. the p-channel MOSFET (T4) and the n-channel MOSFET {T5) 
complementarily operate, and a current which is 
stationarily consumed can be reduced as in a conventional 
CMOS logical circuit. This advantage further reduces the 
current consumption in the circuit than the first 

25 embodiment . 
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According to the present invention, in a 
semiconductor device on which an insulated gate bipolar 
transistor and a control circuit are formed on the same 
semiconductor substrate by using a junction isolation 
5 technology, a transmission loss of an input signal can be 
reduced while preventing latch up caused by . a parasitic 
element generated by forming the control circuit. 



